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TRAFFIC INFORMATION PROCESSING
SYSTEM, STATISTICAL PROCESSING
DEVICE, TRAFFIC INFORMATION
PROCESSING METHOD, AND TRAFFIC
INFORMATION PROCESSING PROGRAM

TECHNICAL FIELD

The present mnvention relates to a traific information pro-
cessing system, a statistical processing device, a traific infor-
mation processing method, and a traffic information process-
Ing program.

BACKGROUND ART

The development of intelligent transport systems has been
progressing in recent years with the aim of supporting smooth
automobile travel. For example, 1n the event of traific con-
gestion occurring 1n a particular road zone, a known system
communicates the zone with traific congestion to a vehicle on
a road 1n the vicinity using road-to-vehicle communication or
the like.

An example of such a system 1s described 1n Japanese
Patent Application Publication No. JP-A-2003-288673,
where a system monitors a fixed zone on a road using vehicle
detection equipment, and determines a staying state of
vehicles 1n each lane. If the staying of vehicles 1s detected in
a left-turn lane 1n the vicinity of a facility, then the system
determines that the vehicles are staying in the lane due to a
large number of vehicles waiting to make a left turn, and
communicates the congestion arising from the vehicles wait-
ing to make a leit turn to surrounding vehicles.

However, although the above system 1s capable of deter-
mimng that vehicles are staying in the left-turn lane, the
system cannot provide detailed information pertaining to a
factor of such congestion. In other words, the system cannot
determine whether the congestion has occurred because of
staying vehicles waiting to park 1n a parking lot for the facil-
ity, or has occurred because of staying vehicles waiting to use
a so-called drive-through.

SUMMARY OF THE INVENTION

The present invention was devised 1n view of the foregoing,
problem, and 1t 1s an object of the present invention to provide
a traific information processing system, a statistical process-
ing device, a traific information processing method, and a
traffic information processing program, which are capable of
generating detailed information pertaining to a road zone
along a facility.

In order to solve the above problem, a traflic information
processing system according to a first aspect of the present
invention includes: a ftraffic condition determination unit
determining a traffic condition when a vehicle travels 1n a
road zone along a facility; a vehicle behavior determination
unit determining whether a payment terminal mounted in the
vehicle traveling in the road zone along the facility has made
a payment through communication with a facility terminal
installed 1n the facility; and a traffic information generation
unit generating tratfic information that associates the traific
condition in the road zone with a payment service of the
facility, 11 1t 1s determined that a payment has been made
through communication.

According to a second aspect of the present invention, 1n
the traflic information processing system of the first aspect,
the traific condition determination unit obtains a congestion
detection time when congestion was detected and a payment
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time when payment was made through communication, and a
guidance mformation generation unit 1s further provided for
calculating a congestion wait time based on the congestion
detection time and the payment time, and speciiying the
congestion wait time.

A statistical processing device according to a third aspect
ol the present invention includes: a probe information acqui-
sition unit obtaining probe information from an onboard
device; a traific condition determination unit determining a
traffic condition 1n a road zone along a facility based on the
probe 1nformation; a vehicle behavior determination umnit
determining whether a payment terminal mounted in a
vehicle traveling 1n the road zone along the facility has made
a payment through commumnication with a facility terminal
installed 1n the facility; and a traffic information generation
unit generating tratfic information that associates the traffic
condition in the road zone with a payment service of the
facility, 11 1t 1s determined that a payment has been made
through communication.

According to a fourth aspect of the present invention, 1n a
traffic information processing method for generating traific
information using a control unit that determines a traflic
condition 1n a road zone along a facility, the control unit
determines whether a payment terminal mounted 1n a vehicle
traveling 1in the road zone along the facility has made a pay-
ment through communication with a {facility terminal
installed 1n the facility; and generates the tratfic information
that associates the traific condition in the road zone with a
payment service ol the facility, if 1t 1s determined that a
payment has been made through communication.

According to a fifth aspect of the present invention, 1n a
traffic information processing program for generating traific
information using a control unit that determines a traflic
condition 1n a road zone along a facility, the control unit
functions as a vehicle behavior determination unit determin-
ing whether a payment terminal mounted 1n a vehicle travel-
ing 1n the road zone along the facility has made a payment
through communication with a facility terminal installed 1n
the facility; and a traflic information generation unit generat-
ing the traflic information that associates the traific condition
in the road zone with a payment service of the facility, if 1t 1s
determined that a payment has been made through commu-
nication.

According to the first aspect of the present invention, the
traffic information processing system determines whether a
payment has been made through communication between the
payment terminal and the facility terminal. If a payment has
been made, then the traflic condition along the facility 1s
associated with the payment service. Therelfore, the traflic
condition can be determined based on a vehicle waiting to use
a payment service and the factor of a traific condition such as
congestion can also be determined. It 1s thus possible to
generate detailed road traific information.

According to the second aspect of the present invention, the
traffic information includes the congestion wait time based on
the congestion detection time and the payment time. There-
fore, the congestion wait time can be calculated and wait time
information generated.

According to the third aspect of the present invention, the
statistical processing device determines whether a payment
has been made through communication between the payment
terminal and the facility terminal. If a payment has been
made, then the traffic condition along the facility 1s associated
with the payment service. Therefore, the traffic condition can
be determined based on a vehicle waiting to use a payment
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service and the factor of a traific condition such as congestion
can also be determined. It 1s thus possible to generate detailed
road traiffic information.

According to the fourth aspect of the present invention, 1t1s
determined whether a payment has been made through com-
munication between the payment terminal and the facility
terminal. IT a payment has been made, then the traffic condi-
tion along the facility 1s associated with the payment service.
Theretore, the traffic condition can be determined based on a
vehicle waiting to use a payment service and the factor of a
traific condition such as congestion can also be determined. It
1s thus possible to generate detailed road tratfic information.

According to the {ifth aspect of the present invention, 1n
accordance with the traffic information processing program,
it 1s determined whether a payment has been made through
communication between the payment terminal and the facil-
ity terminal. If a payment has been made, then the trailic
condition along the facility 1s associated with the payment
service. Therefore, the traflic condition can be determined
based on a vehicle waiting to use a payment service and the
factor of a traffic condition such as congestion can also be
determined. It 1s thus possible to generate detailed road traflic
information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a probe system;

FIG. 2 1s a block diagram for explaining a hardware con-
figuration of a navigation device;

FI1G. 3 1s a schematic diagram of a DSRC payment system;

FI1G. 4 15 a conceptual diagram for explaining a data struc-
ture of probe data;

FIG. 5 1s a block diagram for explaining a hardware con-
figuration of a probe server;

FIG. 6 1s a flowchart of probe data generation processing,
according to a first embodiment;

FIG. 7 1s a conceptual diagram for explaining a road zone
around a drive-through facility;

FIG. 8 A 15 a drawing of a screen for drive-through waiting,
and FIG. 8B 1s a drawing of a screen for parking lot waiting;

FI1G. 9 15 a conceptual diagram for explaining a data struc-
ture of probe data according to a second embodiment;

FI1G. 10 1s a tlowchart of probe data generation processing,
according to the second embodiment; and

FIG. 11 1s a flowchart showing statistical processing of a
probe server 2.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L]

First Embodiment

Hereinafter, an embodiment realizing the present invention
will be described with reference to FIGS. 1t0 8. FIG. 11s a
schematic diagram of a probe system 1 serving as a tratfic
information processing system according to the present
embodiment. The probe system 1 includes a probe server 2, a
transponder 3, and a navigation device 10 (see FIG. 2) that
structures a traflic information processing system mounted in
a vehicle C. The probe server 2 and the transponder 3 are
connected 1 a manner capable of sending and receiving
various data via a network N formed from a private line or a
public line network. The transponder 3 1s installed along a
road and recerves probe data from the navigation device 10
mounted in the vehicle C through wireless communication.

The navigation device 10 sends probe data that includes a
host vehicle position, time, and travel information, and the
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transponder 3 sends the obtained probe data to the probe
server 2 via the network N. The probe server 2 performs
statistical processing of the probe data to generate road traific
data that includes congestion information, a travel time, or the
like, which the probe server 2 then distributes to the naviga-
tion device 10.

A hardware configuration of the navigation device 10 will
be explained next with reference to FIG. 2. The navigation

device 10 1s provided with a control unit 11. The control unit
11 includes a CPU 20, a RAM 21, a ROM 22, a vehicle-side

interface (I'F) 23, a communication interface (I/F) 24, and an
identification data storage unit 25. The RAM 21 1s formed
from a nonvolatile memory 1n the present embodiment, and
temporarily stores various data, as well as a flag used 1n the
generation of probe data. The control unit 11 structures a
traffic condition determination unit, a vehicle behavior deter-
mination unit, a traffic information generation unit, and a
control unit. In addition, a traffic information processing pro-
gram 1s stored 1n the ROM 22 or a storage unit (not shown).

Based on detection signals obtained via the vehicle-side I/F
23 from a GPS (Global Positioning System) receiver 40, a
vehicle speed sensor 41, and a gyro sensor 42, the CPU 20
identifies the host vehicle position using radio navigation and
autonomous navigation.

Also, the CPU 20 obtains via the vehicle-side I'F 23 an
1gnition switch position, 1.e., ON, OFF, ACC (accessory), or
the like, from an electronic control unit (referred to as an ECU
43 below) mounted 1n the vehicle C.

The navigation device 10 1s capable of reading out various
respective data from a geographic information storage unit 26
and a POI (Point of Interest) information storage unit 27,
which are formed from a built-in hard disk or an external
storage medium such as an optical disk. Stored in the geo-
graphic storage unit 26 are route network data (referred to as
route data 31 below) and map drawing data 32.

The route data 31 includes a link 1D, a connection node, a
road type, and a link cost. The node 1s a data element repre-
senting an intersection, a road endpoint, or the like; the link 1s
a data element that connects nodes.

The map drawing data 32 1s stored per mesh, with such
meshes dividing up a national map, and the map drawing data
32 includes background data in order to draw roads, urban
areas, facilities, and the like and road shape data specitying
the shape of aroad. The control unit 11 performs map match-
ing wherein the road shape data and a travel path are matched
to 1dentily the host vehicle position on a road.

Stored 1n the POI information storage unit 27 1s POI data 33
for points (facilities). The POI data 33 includes an area code
and a genre as management data. The genre 1s a supermarket,
fast food restaurant, or the like, for example. In addition, the
POI data 33 includes a facility name, coordinates, and a link
ID belonging to each area and genre.

Also, the control unit 11 obtains via the communication I/F
24 a signal that indicates whether a payment has been made
through an onboard LAN or wireless communication from a
payment terminal 45 mounted 1n the vehicle C.

The payment terminal 45 will be explained here. The pay-
ment terminal 45 1s a terminal that makes a payment using
DSRC (Dedicated Short Range Communication) at a so-
called drive-through or the like, which 1s a payment service
provided by a store, and into which an IC card such as a credit
card can be 1nserted. A store payment clearing device 46 1s
installed in a store providing a drive-through service, and
communicates with the payment terminal 45 of the vehicle C
that has entered a predetermined area. As FIG. 3 shows, the
store payment clearing device 46 1s provided with a commu-




US 8,478,518 B2

S

nication control device 46 A, and a wireless communication
unit 468 having a communication area of approximately
several meters.

For example, when the vehicle C approaches the store
payment clearing device 46, the commumnication control
device 46 A performs certification of the payment terminal 435
of the vehicle C via the wireless communication unit 46B.
Once certification 1s complete, a product order can be
accepted. At such time, a screen for ordering a product may be
displayed via the wireless communication unit 46B on a
display 35 (see FI1G. 2) of the navigation device 10, and it may
be possible to select a product using an operation panel or the
like 1nstalled on the store side.

After a product 1s selected, the communication control
device 46 A calculates a monetary amount of the product and
performs payment processing for the payment terminal 45.
Specifically, the communication control device 46 A accesses
the IC card inserted 1n the payment terminal 45 and reads out
data from a built-in chip of the IC card. Depending on the case
at this time, the communication control device 46 A displays
a fee or the like using the display 35 (see FIG. 2) of the
navigation device 10 or the operation panel installed on the
store side, and prompts the driver to input a PIN for confirm-
ing the payment made. After a predetermined operation 1s
performed using the display 35 or the operation panel in this
case, the communication control device 46 A accesses a pay-
ment server (not shown) and clears the payment.

Following completion of fee payment processing on the
vehicle side, the payment terminal 45 sends a payment
completion notification to the control unit 11. After receiving
the payment completion notification, the control unit 11
determines that the vehicle C has made a DSRC payment, and
uses this as information for determining a factor of the traific
condition around the facility.

As mentioned above, the control unit 11 also generates
probe data 50 serving as tratlic information, which the control
unit 11 then sends to the transponder 3. FIG. 4 15 a conceptual
diagram for explaining a data structure of the probe data 50.
The probe data 50 1s data generated by the control umt 11
when congestion 1s detected along a facility, and the probe
data 50 has a vehicle ID S0A, a facility 50B, a travel link S0C,
time information 50D, a congestion tlag 50F, and a conges-
tion factor 50G.

The vehicle ID 50A 1s the same 1dentification data as the
vehicle 1D 30 stored 1n the 1dentification data storage unit 25.
The facility S0B 1s identification data for a facility the vehicle
C has entered, and the travel link 50C includes a link ID when
the control unit 11 detected a congestion and a required time
tfor traveling the link. The time information 50D has at least a
congestion detection time when the control unit 11 detected
congestion, and also has either a payment time or a parking
time. The payment time 1s a time at which a DSRC payment
was cleared, and the parking time 1s a time at which the
1gnition switch 1s turned off.

The congestion flag S0F 1s a flag indicating whether there
1s a congestion line along a facility, and “1” indicates that a
congestion line 1s occurring. When the congestion flag SOF 1s
set, the control unit 11 first determines whether the vehicle C
1s lined up 1n the congestion line on the road zone along the
facility. A known procedure can be used for such processing.
For example, 1t 1s determined whether a state 1n which the
vehicle speed 1s equal to or less than a predetermined speed
(e.g. 10 kilometers/h) continues for at least predetermined
time; and 1f this condition 1s met, then 1t 1s determined that the
vehicle C 1s 1 a congestion line.

I 1t 1s determined that the vehicle C 1s 1n a congestion line,
then the control unit 11 refers to the host vehicle position, the
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route data 31 or the map drawing data 32, and the POI data 33
to determine whether the host vehicle position 1s 1n a lane
along the facility. A lane along the facility 1s a lane from
which a vehicle can enter the facility. At such time, 1t may be
determined whether the facility around the host vehicle posi-
tion 1s a facility where congestion 1s likely to occur, such as a
supermarket. It it 1s determined that the host vehicle position
1s 1n the above lane, then the control unit 11 determines that
the vehicle C 1s 1n a congestion line for entering the facility,
and sets the congestion tlag SOF to “1”.

The congestion factor 50G indicates a factor of congestion
detected by the control unit 11 after the vehicle C enters the
tacility. To set the congestion factor 50G, the control unit 11
determines whether the payment completion notification has
been received from the payment terminal 45. For example, the
control unit 11 determines whether the payment completion
notification has been recetved after the vehicle C enters the
facility while the 1gnition switch 1s at a position other than
OFF (or “LOCK”). If 1t 1s determined that the payment
completion notification has not been recerved, then the con-
trol unit 11 sets the congestion factor 50G to an 1nitial value of
“0”. Alternatively, 11 the 1gnition switch 1s turned off before
the payment completion notification has been received, then
the control unit 11 determines that the vehicle C 1s parked in
the parking lot and sets the congestion factor to “1” indicating
a parking lot wait. In such case, the time at which the 1gnition
switch was turned ofl 1s temporarily stored in the RAM 21.
Meanwhile, 1t 1t 1s determined that the payment completion
notification has been received while the 1gnition switch 1s at a
position other than OFF, then the control unit 11 sets the
congestion factor 50G to “2” indicating a drive-through wait.

As F1G. 2 shows, the navigation device 10 also includes an
image processor 28 and an audio processor 29. The image
processor 28 reads out the map drawing data 32 to show a map
screen 71 onthe display 35, and depending on road tratfic data
received from the probe server 2 also shows a traflic guidance
display regarding an approaching congestion/crowded zone
and factors thereof. The audio processor 29 outputs voice
guidance regarding the approaching congestion/crowded
zone and factors thereol from a speaker 36 provided in the
vehicle cabin in accordance with the road traific data received
from the probe server 2.

A hardware configuration of the probe server 2 will be
explained next with reference to FIG. 5. The probe server 2
includes a computer 51 formed from a CPU 52, aRAM 53, a
ROM 54, and a communication interface (I/F) 55. The probe
server 2 also includes a probe data storage unit 56, a traific
information storage unit 57, and a POI information storage
unit 39. The computer 31 structures a gmidance information
generation unit and a probe information acquisition unit. In
addition, a statistical program 1s stored 1n the ROM 22 or a
storage unit (not shown).

The probe data 50 received from the navigation devices 10
1s temporarily stored in the probe data storage umt 56. The
road information storage unit 57 stores road traific data 58.
The POI information storage unit 59 stores the POI data 33
pertaining to points (facilities).

The computer 51 performs statistical processing using the
probe data 50 temporarily stored in the probe data storage unit
56, and generates the road traflic data 58. For example, the
computer 31 performs statistical processing of a plurality of
probe data 50 having the same facility S0B among the accu-
mulated probe, data 50 to determine whether there 1s conges-
tion along the facility.

I1 1t 1s determined that there 1s congestion along the facility,
then the computer 31 extracts the congestion factor 50G. If
the congestion factor 530G 1s set to “0”, then the congestion
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factor 1s unknown. Therefore, the computer 51 generates the
road trailic data 58 specitying only the congestion zone and
sends the road traflic data 58 to the surrounding vehicles C.

If the congestion factor S0G 1s “17°, that 1s, 11 the probe data
50 mdicating a parking lot wait 1s accumulated, then the
computer 51 reads out the time information 50D of the probe
data 50 to approximately calculate the time the vehicle C has
been 1n the congestion line. For example, when the conges-
tion detection time included in the time imformation 50D
specifies “11:00” and the parking time similarly included 1n
the time mformation 30D specifies “11:15”, then 1t 1s esti-
mated that the time the vehicle C has been 1n the congestion
line 1s approximately 15 minutes. The computer 51 then gen-
crates the road traffic data 58 that provides guidance regard-
ing the congestion factor being a parking lot wait and the
estimated wait time being 15 minutes. Such road traffic data
58 1s subsequently distributed via the transponder 3 to the
vehicles C around the point where the congestion line has
occurred.

Meanwhile, 11 the congestion factor 50G 1s <27, that 1s, 1
the probe data 50 indicating a drive-through wait 1s accumu-
lated, then 1t 1s determined that the congestion line along the
tacility 1s congestion due to waiting for a drive-through. The
computer 31 then reads out the time information 50D of the
probe data 50 to approximately calculate the time the vehicle
C has been 1n the congestion line. For example, when the
congestion detection time included 1n the time immformation
50D specifies “11:00” and the payment time similarly
included in the time information 50D specifies “11:107, then
it 1s estimated that the time the vehicle C has been in the
congestion line 1s approximately 10 minutes. The computer
51 then generates the road traffic data 58 that provides guid-
ance regarding the congestion factor being a drive-through
wait and the estimated wait time being 10 minutes. Such road
traffic data 58 1s subsequently distributed to the vehicles C
around the point where the congestion line has occurred.

A processing procedure according to the present embodi-
ment will be explained next with reference to FIG. 6. FIG. 6
1s a flowchart showing probe data generation processing of
the navigation device 10.

As FIG. 6 shows, the control unit 11 of the navigation
device 10 determines by the above-described procedure
whether congestion has occurred along a facility (step S1-1).
For example, as shown 1n FIG. 7, 1T the vehicle C has traveled
at a speed equal to or less than a predetermined speed for at
least a predetermined time 1n a lane 101 for entering a store
100, which 1s a facility such as a supermarket or fast food
restaurant, then 1t 1s determined that a congestion line L along,
the facility exists 1n that lane (YES at step S1-1). The con-
gestion flag 50F set to “1”” 1s temporarily stored in the RAM
21 or the like, and the routine proceeds to step S1-2. The time
at such point 1s also temporarily stored in the RAM 21 or the
like as the congestion detection time.

Meanwhile, 1f the control unit 11 determines that the
vehicle C has not traveled for at least a predetermined time at
a speed equal to or less than a predetermined speed, or deter-
mines that the vehicle C 1s traveling in a nght-turn lane 102,
or determines that there 1s no facility around the host vehicle
position, then 1t 1s determined that the congestion line L along
the facility does not exist (NO at step S1-1). The control unit
11 then sets the congestion flag SOF to “0” and repeats the
processing at step S1-1.

Atstep S1-2, the congestion tlag 50F 1s being setto “1” and
the control unit 11 determines whether the vehicle C has
entered the facility based on the host vehicle position and the
like. It 1t 1s determined that the vehicle C has not entered the
tacility (NO at step S1-2), then the routine returns to step S1-1
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and the above determination 1s repeated. If 1t 1s determined
that the vehicle C has entered the facility (YES at step S1-2),
then the routine proceeds to step S1-3.

At step S1-3, 1t 1s determined whether a DSRC payment
has been made. As described above, the control unit 11 deter-
mines whether the payment completion notification has been
received from the payment terminal 45. If 1t 1s determined at
step S1-3 that no payment has been made (NO at step S1-3),
then the routine proceeds to step S1-4.

At step S1-4, with no reception of the payment completion
notification, 1t 1s determined whether the 1gnition switch has
been turned off based on the ECU 43. For example, after the
vehicle C lines up in the congestion line L along the facility
and parks 1n a parking lot P, the 1gnition switch 1s turned off
without any payment processing performed using DSRC
communication. In such case, 1t 1s determined that the 1gni-
tion switch has been turned off with no payment completion
notification recerved (YES at step S1-4), and the routine
proceeds to step S1-6. At step S1-6, the control unit 11 sets the
congestion factor 50G as a parking lot wait and temporarily
stores the congestion factor 30G 1n the RAM 21 or the like.

Alternatively, with no reception of the payment completion
notification, 1f it 1s determined at step S1-4 that the 1gnition
switch 1s at a position other than OFF (NO at step S1-4), then
the control unmit 11 sets the congestion factor 50G to the mnitial
value of “0” (step S1-7). After setting the congestion factor
50G to the initial value, the control unit 11 determines
whether the vehicle C has exited the facility (step S1-8). If,
aiter entering the facility, the vehicle C exits without making
apayment or parking (YES at step 1-8), then the probe data 50
1s generated with the congestion factor 50G set to the 1nitial
value of “0” (step S1-9). The generated probe data 50 1s
temporarily stored in the RAM 21. If 1t 1s determined that the
vehicle C has not exited the facility (INO at step S1-8), then the
routine returns to step S1-3 and 1t 1s determined whether a
payment has been made.

Meanwhile, once the control unit 11 obtains the payment
completion notification, it 1s determined at step S1-3 that a
payment was made (YES at step S1-3), and the control unit 11
sets the congestion factor 50G to a drive-through wait (step
S1-5). The time at such point 1s also temporarily stored 1n the
RAM 21 or the like as the payment time.

For example, as shown 1n FIG. 7, 1n the case of a payment
area A around a store where the payment terminal 45 and the
wireless communication unit 46B are capable of communi-
cation, the congestion tlag 50F of the vehicle C before enter-
ing the payment area A 1s “1” and the congestion factor 50G
1s set to “0”. If the payment terminal 45 and the wireless
communication unit 46B communicate and the payment ter-
minal 435 generates the payment completion notification, then
the congestion flag SOF of the vehicle C 1s set to “1” and the
congestion factor 30G 1s set to “27.

After the congestion factor 50G 1s set to a drive-through
wait, a parking lot wait, or to the initial value as explained in
steps S1-5 to S1-7, the control unit 11 generates the probe
data 50 using the congestion detection time, the congestion
flag SOF, and the congestion factor S0G stored in the RAM 21
or the like, as well as the facility the vehicle entered, the
vehicle ID 30, and the payment time or the parking time (step
S1-9). The generated probe data 50 1s temporarily stored 1n
the RAM 21.

Following generation of the probe data 50, the control unit
11 sends the probe data 50 via the communication I'F 24 ata
predetermined timing. The timing at which the probe data 50
1s sent 1s not particularly limited. For example, the probe data
50 may be sent when a data request i1s received from the
transponder 3, or the probe data 30 may be sent to a transpon-
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der 3 in the vicinity at a predetermined time interval. Note that
in the present embodiment, the above determinations are
repeated until the probe data 50 1s generated, and the probe
data 50 1s sent following generation of the probe data 50.

After the probe data 50 1s sent, the control unit 11 initializes
the congestion flag SOF, the congestion factor 530G, the con-
gestion detection time, the payment time, and the like.

Once the probe server 2 recerves the probe data 50, the
probe server 2 temporarily stores the probe data 50 1n the
probe data storage unit 56 and generates the road traific data
58 as described above. At such time, the computer 51 per-
forms statistical processing of a plurality of probe data 50
having the same facility 50B to determine whether there 1s
congestion with respect to a specific facility.

If there 1s congestion along a facility, then the congestion
tactors 50G of the respective probe data 50 are extracted and
statistical processing performed to identily the congestion
factor 50G. Also, the respective data included 1n the time
information 50D 1s averaged to approximately calculate a
wait time to use the drive-through or a wait time to park 1n the
parking lot P. The congestion factor 50G, information per-
taining to the wait time, the facility name where congestion 1s
occurring and the like are included 1n the road traffic data 58,
and such road traffic data 58 1s sent via the transponder 3 to the
vehicle C lined up 1n the congestion line L and to a following,
vehicle C1 and the like 1n the lane 101 where the congestion
line L 1s occurring.

Once the navigation device 10 of the following vehicle C1
receives the road traific data 58, the navigation device 10 uses
the image processor 28 to show a guidance display 70 such as
illustrated in FIG. 8 on the display 35. FIG. 8A 1s a drawing of
a screen when the congestion factor 30G 1s set to a drive-
through wait, and FIG. 8B 1s a drawing of a screen when the
congestion factor 50G 1s set to a parking lot wait. As FIGS. 8A
and 8B show, the guidance display 70 may be partially super-
imposed on the map screen 71 or displayed over an entire
drawable area. Since the congestion factor and the congestion
wait time are shown on the guidance display 70, the driver of
the following vehicle C1 in the lane 101 can smoothly change
to a right-side lane 102 well 1n advance 1n order to avoid the
congestion. Furthermore, the driver of the vehicle C in the
congestion line L can confirm the factor behind the conges-
tion line L and check the wait time. Therefore, 1t 1s possible to
help keep the driver from becoming stressed while waiting in
the congestion.

According to the first embodiment, the following effects
can be obtained.

(1) In the first embodiment, the navigation device 10 deter-
mines a traffic condition when the vehicle C travels 1n a road
zone along a facility, and determines whether a payment has
been made through communication between the payment
terminal 45 1n the host vehicle and the store payment clearing,
device 46 1nstalled 1n the facility. In cases where 1t 1s deter-
mined that a payment has been made, the probe data 50
associating the traffic condition in the road zone with the
payment service of the facility 1s generated. Accordingly, the
probe server 2 can determine the traflic condition based on a
vehicle waiting to use a payment service and determine the
factor of a traffic condition such as congestion, whereby the
road traific data 58 can be generated to provide guidance
regarding the traffic condition. It 1s thus possible to generate
detailed road traffic data $8.

(2) According to the first embodiment, the control unit 11
obtains the congestion detection time when congestion was
detected, and the payment time when payment was made or
the parking time, which are sent to the probe server 2 as the
time information 50D. When there 1s congestion in the road

10

15

20

25

30

35

40

45

50

55

60

65

10

zone along the facility, the probe server 2 calculates the con-
gestion wait time based on the time information and generates

the road traffic data 58 including the congestion wait time.
Accordingly, the congestion factor and the congestion wait
time can be shown on the display 35 of the vehicle C to which
the road traflic data 58 has been distributed. The driver can
thus be notified of the congestion wait time, making 1t pos-
sible to help keep the driver from becoming stressed.

Second Embodiment

A second embodiment realizing the present invention will
be described next with reference to FIGS. 9 to 11. Note that
the second embodiment has a configuration identical to that
of the first embodiment except for a modification to the pro-
cessing procedure. Detailed descriptions of like portions are
thus omitted here.

FIG. 9 1s a schematic diagram of the probe data 50 sent by
the navigation device 10 serving as an onboard device of the
present embodiment. Similar to the first embodiment, this
probe data 50 has a vehicle ID 50A and a travel link S0C. In
the present embodiment, the probe data 30 also has a position
50P, a time 50T, a speed 501, a brake flag 50J, and a payment
flag 50K. Note further that the travel link S0C may be omitted.

The position S0P indicates a vehicle position at the time the
probe data 50 was generated or sent. The time 50T indicates
a time when the probe data 50 was generated or sent. The
speed 501 1s a vehicle speed calculated based on a vehicle
speed pulse when the probe data S0 was generated or sent.
The brake flag 501 1s a flag indicating whether a brake pedal
has been depressed, and 1s set based on an ON signal or OFF
signal obtained from the ECU 43.

The payment flag 50K 1s a flag indicating whether the
control unit 11 has received the payment completion notifi-
cation. When the control unit 11 receives the payment
completion notification while the 1gnition switch 1s at a posi-
tion other than OFF, the value of the payment tlag 50K stores
in the RAM 21 or the like 1s set to ON (e.g. “17”). When the
1gnition switch 1s turned off, the payment tlag S0K 1s 1nitial-
1zed and set to OFF (e.g. “07).

FIG. 10 1s a flowchart showing probe data generation pro-
cessing of the navigation device 10. Using the same method
as 1n the above embodiment, the control unit 11 determines
whether a DSRC payment has been made at a drive-through
(step S3-1).

If the control unit 11 recerves the payment completion
notification and determines that a DSRC payment has been
made (YES at step S3-1), then the control unit 11 sets the
payment tlag 50K to ON (step S3-2).

However, if the control unit 11 determines at step S3-1 that
a DSRC payment has not been made at a drive-through (NO
at step S3-1), then the control unit 11 sets the payment flag
50K to OFF (step S3-3).

The control unit 11 subsequently generates the probe data
50 with the above-described structure, and sends the probe
data 50 to the transponder 3 at a predetermined timing (step
S3-4). In other words, the control unit 11 communicates only
the travel information of the vehicle C and whether a payment
has been made, with no detection of congestion or a conges-
tion factor.

Once the probe server 2 recerves the probe data 50 via the
transponder 3, the probe server 2 accumulates the probe data
50 1n the probe data storage unit 56.

FIG. 11 1s a flowchart showing statistical processing of the
probe server 2. In the present embodiment, the computer 51
structures a traffic condition determination unit, a vehicle
behavior determination unit, a tratfic information generation
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unit, and a control unit. In addition, a traffic information
processing program 1s stored in the computer 51.

The computer 51 extracts from the probe data storage unit
56 the probe data 50 sent from the same lane (step S4-1), and
uses the extracted probe data 50 to determine the traffic con-
dition of a specific area through a known method (step S4-2).
For example, the computer 51 searches a plurality of probe
data 50 sent at different times but which have the same vehicle
ID S0A, and determines whether the speed 301 thereof 1s
equal to or less than a predetermined speed. Based on the time
50T of the respective probe data 50, 1t 1s also determined
whether the vehicle C has traveled at a speed equal to or less
than the predetermined speed for at least a predetermined
time. Furthermore, when multiple sets of such data exists, the
position 50P or the travel link S0C thereof 1s used to deter-
mine the occurrence of congestion. In addition, the facility
where the congestion 1s occurring 1s determined based on the
POI data 33.

The computer 51 next determines whether there 1s conges-
tion along the facility based on the determination processing,
at step S4-2 (step S4-3). If it 1s determined that there 1s no
congestion along the facility (NO at step S4-3), then the
computer 31 determines that there 1s no congestion 1n the area
(step S4-5), and the routine proceeds to step S4-8 described
later.

However, 11 the computer 51 determines at step S4-3 that
there 1s congestion along the facility (YES at step S4-3), then
the computer 51 determines whether a payment has been
made at a drive-through based on the payment flag 50K (step
S4-4). At such time, for example, 1t may be determined
whether the probe data 50 with the payment flag 50K set to
“1” was received within a predetermined time from the
vehicle C lined up in the congestion line L detected at step
S4-2.

If 1t 1s determined that a payment has been made at a
drive-through (YES at step S4-4), then the computer 51 sets
the congestion factor as a drive-through wait (step S4-6).
However, 11 the computer 51 determines at step S4-4 that a
payment has not been made at a drive-through (NO at step
S4-4), then the computer 51 sets the congestion factor as a
parking lot wait (step S4-7).

If the congestion factor 1s set or it 1s determined that there
1s no congestion, then the computer 51 generates the road
traffic data 38 as traific information that includes information
indicating the congestion factor or no congestion (step S4-8).
In cases where the congestion factor 1s set, the computer 51
compares the probe data 50 collected from the same vehicle,
for example, and calculates the wait time based on a time
when travel started at a speed equal to or less than the prede-
termined speed and based on the time 50T of the probe data 50
with the payment flag S0K set to “1”. Furthermore, when
calculating the wait time of another vehicle C lined up 1n the
same congestion line L, an average wait time or the like 1s
calculated using a plurality of wait times.

Following generation of the road traffic data 58, the com-
puter 51 distributes the generated road traific data 58 to the
vehicle C 1n the applicable area (step S4-9). According to the
second embodiment, the following effects can be obtained.

(3) In the second embodiment, the probe server 2 deter-
mines a traffic condition when traveling in a road zone along
a facility based on the probe data 50 recerved from the vehicle
C. Based on the payment flag S0K 1ncluded 1n the probe data
50, 1t 1s determined whether the vehicle C that traveled in the
road zone along the facility made a payment through com-
munication between the payment terminal 45 and the store
payment clearing device 46 1nstalled 1n the facility. In cases
where it 1s determined that a payment has been made, the road
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traffic data 58 associating the traffic condition in the road zone
with the payment service of the facility 1s generated. Accord-
ingly, the probe server 2 can determine the traffic condition
based on a vehicle waiting to use a payment service and
determine the factor of a traffic condition such as congestion,
whereby the road trailic data 38 can be generated to provide
guidance regarding the tratfic condition. It 1s thus possible to
generate detailed road trailic data 58.

(4) According to the second embodiment, when there 1s
congestion in the road zone along the facility, the probe server
2 calculates the congestion wait time based on the time 50T
included in the probe data 50 and generates the road tratfic
data 58 including the congestion wait time. Accordingly, the
congestion factor and the congestion wait time can be shown
on the display 35 of the vehicle C to which the road tratfic data
58 has been distributed. The driver can thus be notified of the
congestion wait time, making 1t possible to help keep the
driver from becoming stressed.

Note that the present embodiments may be modified 1n the
following manner.

The probe data 50 may have a structure other than the data
structure described above. In the first embodiment, a structure
that excludes the congestion flag S0F 1s concervable. In the
second embodiment, a structure that excludes the brake tlag
50] from the probe data 50 1s concervable.

In the above embodiments, the traffic condition determi-
nation unit for determining a traffic condition along a facility
1s structured from the navigation device 10 or the probe server
2. However, the traific condition determination unit may be
structured from a surveillance camera nstalled on a roadside
and a detection device that analyzes an 1mage from the sur-
velllance camera to determine a traffic condition. In such

case, based on the traffic condition received {from the detec-
tion device and payment information recerved from the navi-
gation device 10, the probe server 2 determines whether the
traffic condition along the facility 1s caused by entry into the
payment area.

In the above embodiments, the POI data 33 may include
whether a facility thereof provides a drive-through service.
When there 1s congestion along a facility that provides a
drive-through service and the payment terminal 45 of a
vehicle lined up 1n the congestion line outputs the payment
completion notification, the congestion factor may be deter-
mined as a drive-through wait.

Below 1s an additional note regarding a technical concept
that can be understood from the above embodiments and
other examples, as well as efiects thereof.

(a) A traffic information processing system according to a
first aspect of the present mnvention 1s characterized 1n that,
when there 1s congestion 1n the road zone and the payment
terminal of the vehicle lined up 1n the congestion line occur-
ring 1n the road zone makes a payment through communica-
tion, the traific information generation unit determines the
congestion factor as a drive-through wait and generates the
traffic information providing guidance regarding the conges-
tion factor.

-

Thus, according to the aspect of the present invention as
described 1n (a) above, when the vehicle lined up in the
congestion line occurring 1n the road zone along the facility
makes a payment, the congestion factor can be determined as
a drive-through wait. Therelfore, it 1s possible to support
smooth travel by also notifying following vehicles 1n the
congestion line of the congestion factor.
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The mvention claimed 1s:
1. A traffic information processing system, comprising:

o™

a traific condition determination unit determining a traific
condition when a vehicle travels 1n a road zone along a
facility;

a vehicle behavior determination unit determining whether
a payment terminal mounted in the vehicle traveling 1n
the road zone along the facility has made a payment
through communication with a facility terminal installed
in the facility or whether an ignition switch of the vehicle
1s turned off:

a congestion factor setting unit setting a congestion factor
to a drive-through wait when 1t 1s determined that a
payment has been made through commumnication and
setting the congestion factor to a parking lot wait when 1t
1s determined that the 1gnition switch of the vehicle has
been turned off; and

a traffic information generation umt generating traific
information that associates the traffic condition 1n the
road zone with a name of the facility and the set conges-
tion factor.

2. The traffic information processing system according to

[,

claim 1, wherein:

the traflic condition determination unit obtains a conges-
tion detection time when congestion was detected and a
payment time when payment was made through com-
munication; and

a guidance information generation unit 1s further provided
for calculating a congestion wait time based on the con-
gestion detection time and the payment time and for
generating a guidance imnformation specitying the con-
gestion wait time.

3. A statistical processing device, comprising;:

a probe information acquisition unit obtaining probe infor-
mation from an onboard device;

a traific condition determination unit determining a traific
condition 1n a road zone along a facility based on the
probe information;

a vehicle behavior determination unit determining whether
a payment terminal mounted in a vehicle traveling in the
road zone along the facility has made a payment through
communication with a facility terminal installed in the
facility or whether an 1gnition switch of the vehicle 1s
turned off;

a congestion factor setting unit setting a congestion factor
to a drive-through wait when 1t 1s determined that a

.
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payment has been made through communication and
setting the congestion factor to a parking lot wait when 1t
1s determined that the 1ignition switch of the vehicle has
been turned off; and

a traflic information generation unit generating traific
information that associates the tratfic condition in the
road zone with a name of the facility and the set conges-
tion factor.

4. A tratlic information processing method for generating,

1o traffic information using a control unit that determines a
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traffic condition in a road zone along a facility, the traffic
information processing method, comprising:

determining, with the control unit, whether a payment ter-
minal mounted 1n a vehicle traveling 1n the road zone
along the facility has made a payment through commu-
nication with a facility terminal installed 1n the facility or
whether an 1gnition switch of the vehicle 1s turned off

setting, with the control unit, a congestion factor to a drive-
through wait when it 1s determined that a payment has
been made through communication and setting the con-
gestion factor to a parking lot wait when 1t 1s determined
that the 1gnition switch of the vehicle has been turned
off; and

generating, with the control unit, the traific information
that associates the traflic condition in the road zone with
a name of the facility and the set congestion factor.

5. A non-transitory computer-readable storage medium

storing a computer-executable tratfic information processing
program for generating traific information by determining a

39 traffic condition in a road zone along a facility, the traffic
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information processing program comprising:

instructions for determining whether a payment terminal
mounted in a vehicle traveling in the road zone along the
facility has made a payment through communication
with a facility terminal installed 1n the facility or whether
an 1gnition switch of the vehicle 1s turned off;

instructions for setting a congestion factor to a drive-
through wait when 1t 1s determined that a payment has
been made through communication and setting the con-
gestion factor to a parking lot wait when 1t 1s determined
that the 1gnition switch of the vehicle has been turned
off; and

instructions for generating the traific information that asso-
ciates the traffic condition in the road zone with a name

of the facility and the set congestion factor.
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